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Summary 
This article presents the tests of properties of foundry patterns of turbocharger turbine impeller. Impellers prototypes were predestinated 
for casting by method losing patterns. There were carried out tests of these prototypes made by different methods of Rapid Prototyping 
(RP). Two impeller were made by growth methods: stereolitography (SLA) and three dimensional printing (3DP). One prototype was 
made by the method of Vacuum Casting as a wax casting. Tests were executed in the Department of Machine Design of Rzeszow 
University of Technology in cooperation with WSK PZL Rzeszow and Car Technology Krakow. First impeller was carried out by method 
of stereolitography on SLA 250 plant. That pattern was also used to carry out silicon matrix for casting of wax pattern. Next pattern was 
printed by three dimensional printer Z510 from the powder ZP14. Good removability of the pattern from the mould is particularly essential 
for impellers of small turbines with blades of small thickness of their section. All pattern were tested on their removability from the 
ceramic mould. The best melting properties had the wax pattern. Patterns made from resin SL5170 (SLA) and powder ZP14 (3DP) were 
removed in the process of burning but about 1% of soot was left in the mould. 
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1. Introduction 
 
Rapid Prototyping systems offers more and more possibilities 
for carrying out patterns for casting by the method of precisions 
casting. The use of RP systems, theoretically make it possible to 
carry out any element. But every method has its limitations of 
application for cast elements [1,2,3,4,5]. These limitations are 
particularly visible for machine elements of complex shape with 
thin walled fragments [6,7,8]. Such an element is the turbine 
impeller with outside diameter 60mm and average thickness of 
blade not bigger then 1mm. Carrying out patterns of impeller 
using different method of RP need some experience in those 
technologies. Troubles arise already at the moment of exporting 
CAD model to the format STL legible for most of the RP systems. 
At the moment may arise errors which may be removed with the 
help of the program. Next sensitive points is the preparation of 
STL model to print with the help of software dedicated for given 
RP device. In the process of preparation the file to 
stereolitography device program establishes constructions which 
supports impeller and its blades. Type and number of supporting 
elements must be selected optimally every time for given model. 
Adequate preparation of the model and parameters of 
manufacturing process make it possible to obtain correct models 
using RP technologies. 
 
2. Methodology of tests 
 
Quick carry out of turbine impellers is possible with the help of RP 
and investment casting. 
Methodology of tests includes carrying out of virtual CAD model 
of turbocharger turbine impeller. CAD model was exported with 
assumpted accuracy to the format STL.  STL format is read by software 
of SLA-250 and Z510 Spectrum devices. On the base of virtual models 
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83were carried out physical models. Stereolitographical model was used 
to cast wax model, using Vacuum Casting technology. 
All the physical models were put on tests of their removability from 
founding mould. 
 
3. Turbine impeller model 
 
3.1. CAD model of impeller 
 
Carrying out three dimensional impeller model is possible 
with the help of CAD system which has advanced options of 
surface modeling (CATIA, Mechanical Desktop) [9]. CAD model 
of turbine impeller risen on the base of the one from many 
prototypes of turbocharger B65-1. That  model was created for 
tests of possibilities of RP technologies in the process on 
investment casting (fig. 1). Flow calculations of turbines and 
methods of their modeling are very wide problem which goes out 
of the frames of the article. 
 
 
 
Fig. 1. CAD model of impeller 
 
3.2. STL impeller model 
 
  CAD model was exported to the STL format from the 
program Mechanical Desktop which had assure possibility of 
models export with the highest geometrical and superficial 
accuracy (fig. 2). STL format describes the model surface with the 
help of triangular surfaces. The accuracy of the export to the 
format STL is very important for the accuracy of physical model 
transformation. The SLA-250 stereolitography device is 
equipment with 3D Lightyear software. Thre dimensional printer 
has a ZPrint software. Those software are essentially 
predestinated for STL models edition and for division of the 
model on particular layers. If the STL model has some deviations 
and defects, they should be repaired with the help of software in 
which the model was carried out or with the help of the specific 
software for the STL (MagicsLite, Geomagic). 
 
 
Fig. 2. STL impeller model 
 
3.3. 3DP impeller model 
 
Three dimensional print was made with the help of the 3D 
printing device type Z510 Spectrum (fig. 3) at the firm CAR 
Technology in Krakow according to its cooperation with Rzeszow 
University of Technology (Agreement N
o 2/2006). 
 
 
 
Fig. 3. Three dimensional printer Z510 Spectrum 
 
  Z510 printer has the possibility to change material (powders) 
according to the models applications [12,13]. Impeller was made 
of powder ZP14 (fig. 4). 
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Fig. 4. 3DP impeller model  
 
3.4. SLA impeller model 
 
Stereolitgraphic model of the impeller (fig. 5) was made with 
the help of the device SLA-250 which is placed in the Laboratory 
of Stereolitography and Vacuum Casting of the Departament of 
Machine Design of Rzeszow University of Technology [10,11]. 
SLA device makes stereolitographic model by laser rays 
hardening consecutive layers of photopolymer [14,15] 
 
 
 
Fig. 5. SLA impeller model 
 
 
 
 
3.5. Wax model 
 
  Stereolitographic model made with the help of Vacuum 
Casting technology was used to made silicon matrix in which wax 
model was cast [16]. Foundry wax is the material which precisely 
reproduce the shape of the model, but its strength is small. This 
was the reason that silicon matrix had to divided to make its 
possible to take out the model without damages (fig. 6). 
  
 
 
Fig. 6. Method of division silicon matrix 
 
Wax model of turbine impeller is shown on fig. 7. 
 
 
 
Fig. 7.  Wax impeller model 
 
3.6. Carrying out of the mould and removing 
the pattern 
 
  Prepared patterns were used to carry out the pattern kit 
complemented to additional elements i.e. SLA patern of impeller 
blade and cylinder pattern made by method SLA Quick Cast. 
After connecting the filler system, ceramic mould was made in 
cooperation with WSK PZL Rzeszow (fig. 8).  
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85Patterns from the mould were removed in two steps. In first step 
the filler system, together with the wax model of impeller, were 
melted out. In the second step the rest patterns were burnt out. 
The burning out of SLA and 3DP patterns ran in the similar range 
of temperatures (700÷800°C). These patterns were in 99% 
removed from the mould. 
 
 
 
Fig. 8. Ceramic mould 
 
4. Conclusions 
 
Presented turbine impeller patterns allows to reproduce the 
shape and dimensions of virtual model. Stereolitographic model has 
bigger accuracy then 3DP model. Before the start of silicone matrix 
carrying out it is possible to improve the smoothness of its surface 
shape with the help of abrasive machining. The wax pattern made in 
such a method would have the surface smoothness dependent on the 
size of abrasive grain. 
The wax pattern has the best properties of its removability from 
the mould. Burning out the SLA and 3DP patterns bring out 
formation of significant quantity of harmful gases and should be 
carrying out together with very good ventilation. The process of 
pattern burning out is recommended to be guided gradually to not 
permit to pressure increase, which may cause mould damage. 
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